The new discovered short-period close binary star, XY LMi, was monitored photometrically since 2006. It is shown that the light curves are typical EW-type and show complete eclipses with an eclipse duration of about 80 minutes. By analyzing the complete B, V, R, and I light curves with the 2003 version of the W-D code, photometric solutions were determined. It is discovered that XY LMi is a high fill-out, extreme mass ratio overcontact binary system with a mass ratio of q = 0.148 and a fill-out factor of f = 74.1 %, suggesting that it is on the late evolutionary stage of late-type tidal-locked binary stars. As observed in other overcontact binary stars, evidence for the presence of two dark spots on both components are given. Based on our 19 epoches of eclipse times, it is found that the orbital period of the overcontact binary is decreasing continuously at a rate of dP/dt = −1.67 × 10 −7 days/year, which may be caused by the mass transfer from the primary to the secondary or/and angular momentum loss via magnetic stellar wind. The decrease of the orbital period may result in the increase of the fill-out, and finally, it will evolve into a single rapid-rotation star when the fluid surface reaching the outer critical Roche Lobe.
Introduction
XY LMi (=TYC 2511-167-1) was recently discovered to be a short-period eclipsing binary by Bernasconi, L. in the course of asteroidal light determination (see Bernasconi & Behrend 2003 ) (hereafter B&B). B&B illustrated a complete CCD light curve without filters that shows a typical EW type where the light varies continuously and the depths of both minima are nearly the same. The amplitude of the light variability is only 0.38 magnitude, and the nearly flat eclipse bottom reveals that it is a total eclipsing binary. They derived a linear ephemeris, Min.I = JD(Hel.)2452366.884 + 0.4368897 × E,
which indicates XY LMi is a short-period W UMa-type binary star with a period of 10.49 hours. According to the classification of Binnendijk (1970) , it belongs an A-type system where the transit minimum is deeper than the occultation one. The present name was later gave by Kazarovets (2006) .
The most popular evolutionary scenario for W UMa-type binary stars is that they are formed from initially detached systems by angular momentum loss (AML) via magnetic stellar wind (Vilhu 1982; Guinan & Bradstreet 1988; Eggen & Iben 1989) . Both the shrinking of the Roche lobe via AML and the expanding of the components via the evolution will result in the massive component star to fill the critical Roche lobe and the system evolves into an overcontact binary through a primary-to-secondary mass transfer. At the overcontact phase, the gradual decrease of mass ratio will make them finally evolve into rapid rotating single stars (e.g., Van't veer 1997) when the distribution of the angular momentum meets the more familiar criterion (Hut 1980 ) that the orbital angular momentum is less then 3 times the total spin angular momentum, i.e., J rot > 1/3J orb . On the other hand, if the degree of overcontact is rather high, a dynamical instability will be encountered and the merge of an overcontact binary star is also inevitable (Rasio & Shapiro 1995) . Therefore, high fill-out, extreme mass ratio overcontact binary stars may be the progenitors of Blue Straggler/FK Com-type stars.
The total and shallow eclipse light minima in the light curves suggest that XY LMi may be a high fill-out, extreme mass ratio overcontact binary system. This type of binary stars are at the late-evolutionary stage of W UMa-type binary systems. Therefore, it was listed in our series of photometric studies of this kind of binaries (i.e., Qian & Yang, 2004 Yang et al. (2009) (Paper IX) ). In the present paper, photometric analyses and orbital period studies of the new discovered system, XY LMi, are presented.
Complete CCD light curves and photometric solutions for XY Leonis Minoris
Photoelectric observations of XY LMi was made from January 26 to 30, 2008 with the 85-cm reflecting telescope at Xinglong station of the National Astronomical Observatory. The telescope was equipped with a primary-focus multicolor CCD photometer where a PI1024 BFT (Back-illuminated and Frame-Transfer) camera was used (Zhou et al. 2009 ). It has 1024×1024 square pixels, each subtending a projected angle on the sky of 0."96 and resulting in a field of view of 16.
′ 5 × 16. ′ 5. The standard Johnson-Bessel BVRI filters were used (Zhou et al. 2009 ) and the integration time for each image was 9 s. PHOT (measure magnitudes for a list of stars) of the aperture photometry package of IRAF 1 was used to reduce the observed images. The coordinates of the variable star, the comparison star, and the check star are listed in Table 1 . The comparison star we chose was close enough to the variable that the range of air-mass difference between both stars was very small (≈ 0.0009). Therefore, extinction correction was not made.
Complete light curves in B, V, R, and I bands were obtained and are shown in Figure 1 . In all, 584 data points in B, 585 in V, 575 in R, and 565 in I were obtained. The corresponding observational data, i.e., the original HJD date and magnitude difference between XY LMi and the comparison star, are listed in Tables 2, 3 , 4, and 5. As shown in Fig. 1 , the light curves in 4 colors are typical EW-type where light variation is continuous and has a very small difference between the depths of the two minima. These properties reveal tidally distorted components and both of the components have similar temperature. The amplitudes of the light variation are ≈ 0.401 mag in B band, ≈ 0.383 mag in V band, ≈ 0.363 mag in R band, 1 IRAF (an acronym for Image Reduction and Analysis Facility) is a collection of software written at the National Optical Astronomy Observatory (NOAO) geared towards the reduction of astronomical images in pixel array form. ≈ 0.346 mag in I band. As in the light curve obtained by B&B, the eclipses are complete indicating that the BVRI light curves are very useful to determine reliable photometric parameters of the system. Therefore, to derive photometric elements and to understand the evolutionary state of the binary star, the present light curves were analyzed simultaneously with the 2003 version of the W-D program (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 ).
The color indexes of the binary star given by Gettel et al. (2006) and Cutri et al. (2003) are: B-V=0.525; J-H=0.222; H-K=0.049; V-K=1.399, which corresponds different values of temperature for the primary component (Cox, 2000) . Therefore, we choose a mean value, i.e., the temperature for star 1 (star eclipsed at primary light minimum) was fixed as T 1 = 6144 K. During the analyzing, all of original individual data points were used. We assumed convective outer envelopes for both components, and the bolometric albedo A 1 = A 2 = 0.5 (Rucinski 1969) and the values of the gravity-darkening coefficients g 1 = g 2 = 0.32 (Lucy 1967) were used. The limb-darkening coefficients for different filters were taken from van Hamme's table (1993) . The adjustable parameters were: the orbital inclination i; the mean temperature of star 2, T 2 ; the mass ratio q(q = M 2 /M 1 ); the band-pass luminosity of star 1, L 1B and L 1V ; and the dimensionless potential of star 1 (Ω 1 = Ω 2 , mode 3 for overcontact configuration).
Since no mass ratios of XY LMi are in the previous literature, a q-search method was used to determine its mass ratio. The total and shallow eclipsing minima in the light curves indicate that it is a low mass ratio contact binary with mass ratio between 0.1 and 0.2 (e.g., Wilson, 1978; Terrell & Wilson, 2005; Wilson, 2006) . Therefore, we focus on searching for photometric solutions with mass ratio below 0.2, and solutions were carried out for a series of values of the mass ratio (q=0. 13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19, and 0.20) . For each value of q, the calculation started at mode 2 (detached mode) and we discovered that the solutions usually converged to overcontact configuration. The relation between the resulting sum Σ of weighted square deviations and q is plotted in Fig. 2 . A minimum value was obtained at q=0.16. Therefore, we chose the initial value of mass ration q as 0.16 and made it an adjustable parameter. Then, we performed a differential correction until it converged and final solutions were derived.
The photometric solutions are listed in Table 6 . However, we found that the theoretical light curves do not fit the observations very good between phases 0.65 and 0.80. Both components of the binary are cool stars and shares a common convective envelope. The deep convective envelope along with fast rotation can produce a strong magnetic dynamo and solar-like magnetic activity including photospheric dark spots. Therefore, the disagreement between the theoretical light curve and the observation was explained as the presence of dark spots on the common convective envelope. Two dark spots were introduced , one on each star. In the 2003 version of the W-D program, each spot was described by four parameters: 
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0.380 0.380 spot center longitude (θ), spot center latitude (φ), spot angular radius (r) (all in units of radian), and the spot temperature factor T f = T d /T 0 , the ratio of local spot temperature to unspotted temperature. The photometric solutions with two dark spots are listed in Table 6 , and the parameters of the two dark spots are shown in Table 7 . The corresponding theoretical light curves are plotted in Fig. 1 that fit the observations better. The geometrical structures of XY LMi at phases of 0.00, 0.25, 0.50, and 0.75, are displayed in Fig. 3 . Our photometric solutions suggest that XY LMi is a deep-overcontact binary system with a high degree of overcontact (f = 74.1 %). The derived mass ratio is q = 0.148.
Recent investigations have shown that nearly 100% of very close binaries (P < 10 days), especially W UMa-type binary stars (with the shortest periods among main-sequence binaries of the same spectral types), are members of triple systems (e.g. Tokovinin, et al., 2006; Pribulla & Rucinski, 2006; DAngelo, et al., 2006; . To check on possible third light, during the solution we also included third light as one of the adjusted parameters. However, the results suggest that third light is negligible and negative indicating that, if there is a third body companion to XY LMi, it should be an extremely faint object.
Orbital period variation of XY Leonis Minoris
After the first linear ephemeris of XY LMi derived by B&B, only three eclipse times of the eclipsing binary was obtained by Maciejewski & Karska (2004) and by Hubscher et al. (2009) . By using the photometric data published by B&B, 8 times of minimum light were determined and are listed in Table 8 . It has shown in previous papers (e.g., Qian & Yang (2004) ; Zhu et al. (2005) ; Qian et al. (2005a Qian et al. ( , 2007 Qian et al. ( , 2008 ) that the orbital periods of all of the investigated high fill-out, extreme mass ratio overcontact binaries are variable. To check the orbital period of XY LMi is variable or not, three small telescopes, 
Note. -Details of explanations on the spot center longitude (θ) and latitude (φ) were given by Wilson & Van Hamme (2003) . e.g., the 60-cm and the 1.0-m telescopes in Yunnan Astronomical Observatory and the 80-cm telescope in Xinglong station of National Astronomical Observatories, were used to monitor it for determining eclipse times. With our data, 19 times of light minimum were determined by using the parabolic fitting method and are shown in Table 8 .
The timing residuals (O-C values) of all available eclipse times were calculated with the linear ephemeris determined by B&B (see in Table 9 ). The corresponding timing-residual diagram is plotted against epoch number E in Fig. 4 . It is shown in the upper panel of 
The quadratic term in this equation reveals a period decrease at a rate of dP/dt = −1.67 × 10 −7 days/year which is the same order as those determined in other overcontact binaries (e.g., Qian 2001 Qian , 2003a . After the long-term period change was removed, the residuals respect to the quadratic ephemeris are shown in the lowest panel where no changes can be traced indicating that the quadratic ephemeris can fit timing-residual curve very well.
The continuous period decrease may be caused by angular momentum loss (AML) or by a combination of the mass transfer from the primary to the secondary and angular momentum loss via magnetic stellar wind. As the period is decreasing, the inner and outer critical Roche lobes will be shrinking and thus will cause f increasing. Finally, as in the cases of GR Vir (Qian & Yang, 2004) , FG Hya , IK Per (Zhu et al., 2005) , CU Tauri, and TV Muscae (Qian et al. 2005a ), it will evolve into a single rapid-rotation star before the fluid surface reaching the outer critical Roche Lobe (Rasio & Shapiro 1995) . However, the continuous period decrease may be only a part of a long-period cyclic variation or a combination of a cyclic change and a long-term variation as have been observed in other W UMa-type binaries (e.g., V417 Aql, Qian 2003b). Moreover, as shown in Fig. 4 , the time interval of eclipse times is only eight years. To check the period change of XY LMi presented here, more times of light minimum are required in the future.
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